Osteoclast differentiation by RANKL requires NF-kappaB-mediated downregulation of cyclin-dependent kinase 6 (Cdk6).
This study investigated the involvement of cell cycle factors in RANKL-induced osteoclast differentiation. Among the G1 cell cycle factors, Cdk6 was found to be a key molecule in determining the differentiation rate of osteoclasts as a downstream effector of the NF-kappaB signaling. A temporal arrest in the G1 phase of the cell cycle is a prerequisite for cell differentiation, making it possible that cell cycle factors regulate not only the proliferation but also the differentiation of cells. This study investigated cell cycle factors that critically influence differentiation of the murine monocytic RAW264.7 cells to osteoclasts induced by RANKL. Growth-arrested RAW cells were stimulated with serum in the presence or absence of soluble RANKL (100 ng/ml). Expressions of the G1 cell cycle factors cyclin D1, D2, D3, E, cyclin-dependent kinase (Cdk) 2, 4, 6, and Cdk inhibitors (p18 and p27) were determined by Western blot analysis. Involvement of NF-kappaB and c-jun N-terminal kinase (JNK) pathways was examined by overexpressing dominant negative mutants of the IkappaB kinase 2 (IKK(DN)) gene and mitogen-activated protein kinase kinase 7 (MKK7(DN)) gene, respectively, using the adenovirus vectors. To determine the direct effect of Cdk6 on osteoclast differentiation, stable clones of RAW cells transfected with Cdk6 cDNA were established. Osteoclast differentiation was determined by TRACP staining, and cell cycle regulation was determined by BrdU uptake and flow cytometric analysis. Among the cell cycle factors examined, the Cdk6 level was downregulated by RANKL synchronously with the appearance of multinucleated osteoclasts. Inhibition of the NF-kappaB pathway by IKK(DN) overexpression, but not that of the JNK pathway by MKK7(DN) overexpression, caused the decreases in both Cdk6 downregulation and osteoclastogenesis by RANKL. RAW cells overexpressing Cdk6 resist RANKL-induced osteoclastogenesis; however, cell cycle regulation was not affected by the levels of Cdk6 overexpression, suggesting that the inhibitory effect of Cdk6 on osteoclast differentiation was not exerted through cell cycle regulation. These results indicate that Cdk6 is a critical regulator of RANKL-induced osteoclast differentiation and that its NF-kappaB-mediated downregulation is essential for efficient osteoclast differentiation.